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I. Introduction 
The management of streams in SE Minnesota is an important issue for state and local 
governments and citizens. Often we focus on high quality trout streams, but warmwater streams 
are an important resource as well. Because of the importance of streams to the region and the 
state, it is desirable to managers, anglers, landowners and the general public, to protect these 
streams for long term health and stability. With this general focus of conservation in mind, the 
Minnesota Pollution Control Agency (MPCA), and the Minnesota Department of Natural 
Resources (DNR), coordinated work to evaluate the geomorphology-based Rosgen Stream 
Classification System for its value in systematically classifying streams, as well as its 
applicability to better improving our ability to restore degrading streams and preventing further 
stream degradation. The focus of this paper is to explain the approaches taken in classification, 
as well as to summarize our results and discuss possibilities for future application. 
In the broad sense, stream water quality includes biological and chemical variables, as 
well as physical variables. The Rosgen classification system focuses on key physical variables 
by providing specific stream parameters and relating them to bankfull discharge derived from 
field observations and stream flow data. We are evaluating the system in order to determine its 
usefulness for numerous stream/watershed efforts and programs in which state and local 
governments are presently involved, as well as for future projects. At the core of this work is the 
attempt to apply information on stream stability to overall river systems (watersheds) and to 
specific stream reaches where there is ac"tivity to alter the channel in some fashion. Also being 
questioned is the applicability of this system in this portion of the state. Harrelson etal. 1997, 
states that classification is a powerful tool, since we expect streams of similar types to act in 
similar ways. These authors also promote stream classification to distinguish variation due to 
stream type from variations in the state of condition of ~:ites. It is of great interest to stream 
managers to evaluate the Rosgen syst~~t"f~fMi~:fb':~"~;:r:hetls, J}h~,,b~~ of research which 
;t s fl:" ifltl{ fl 
established the system was done in the western United States. 
If proven useful in Minnesota, and more specifically in the southeastern portion of the 
state, the system will allow managers to address watershed conditions including sediment supply, 
how streams may react to disturbance, and allow us to predict the stability of a stream or specific 
stream reach. Stream stability is defined as the ability of a stream over time to transport the 
flows and sediment produced by its watershed in such a manner that its dimensions, pattern and 
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profile are maintained. (i.e. not aggraded or degraded) . (Rosgen 1996). 
II. Methods 
To begin our evaluation, a' 1997 Stream Geomorphology Work Program'(Thompson, 
Hanson, 1997), was designed to enable us to define what initial work was needed. Within the 
work program we identified both gaged and ungaged sites we wished to classify, and outlined 
goals and products we wished to accomplish and produce. Also stated within the work program 
was the general question we were (and still are) trying to answer through this evaluation: "How 
can we incorporate some basic stream geomorphology concepts and techniques into our day-to-
day work for general stream and watershed improvements?" 
Our first step was to receive basic training in the necessary field methods. In order to 
accomplish this, we received training from Luther Aadland and Ian Chishom from the MNDNR, 
both whom have attended professional training and have experience applying this classification 
system throughout the state. They chose a site on the Cannon River at Welch in which to hold a 
one-day training session. This training introduced those attending to the necessary onsite 
determinations, survey methods and data needs, identifying indicators of bankfull conditions, as 
well as how to walk through the Classification Key (Rosgen, 1996) in order to determine a 
stream type. With this basic training, we then began to survey streams and make preliminary 
classifications. 
Field work and data analysis began in April of 1997 and continues through the present. 
The main change to the initial work program which should be noted are the sites we evaluated. 
The seven sites that were surveyed and classified in the summer and fall of 1997 are: 
Date Stream Location USGS Gauge# 
7/10/97 Cannon River at Welch 5355200 
8/8/97 Gilmore Creek at Winona 5379000 
8/28/97 N. Fork Whitewater near Elba 5376000 
10/14/97 S. Fork Whitewater near Altura 5376500 
10/14/97 Garvin Brook near Stockton ungaged 
10/21197 S. Fork Root River near Houston 538550 
10/28/97 S. F. Zumbro near Byron ungaged 
Table 1. 1997 SE MN stream geomorphology field survey sites 
*See attached map for location of surveyed sites within MNDNR Region 5. 
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The surveyed and classified sites were based on the following criteria. First, it is 
desirable to chose streams with active gages, and preferably with 20+ years of data and an 
established rating curve. This information will allow a more specific determination of bank.full 
conditions, including bankfull discharge by relating it with calculated return intervals. We found 
that many of the long term gages within MNDNR Region 5 had been discontinued, and therefore 
real-time data was not available. However, at most sites where data was available, it included 
20+ years of peak flows, which were used to calculate return intervals. Secondly, we wanted to 
classify streams with a variety of drainage areas. A large variation in drainage areas will allow 
the construction of regional curves (drainage area and bankfull discharge plotted against bankfull 
variables of depth, width, and cross-sectional area), which will then enable the stream manager to 
have access to data on numerous types and sizes of watersheds and streams. 
Our next step was to estimate certain variables which could be done in the office. This 
required the location of topographic maps of the reache:; to be classified, as well as aerial photos 
of the areas. From these we were able to estimate the valley type, calculate sinuosity of each 
stream, and estimate the stream gradient. All of this initial "in office" work is considered a Level 
I inventory according to Rosgen (1996). This inventory level allows determination of the 
morphological stream type which should be encountered, and the approximate river types which 
will occur throughout a watershed. 
We next took to the field in order to gather data to more accurately determine a 
classification for the selected streams. The field work involves surveying of bankfull estimations 
longitudinally along the channel banks, as well as more specific surveying of one cross section 
representative of that reach. The cross sectional survey included depth across the channel, water 
surface elevation, bankfull elevation and was extend out far enough to encompass the floodprone 
elevation, which is determined my multiplying the maximum bankfull depth times 2. All of the 
aforementioned surveying is considered part if a Level II inventory. A Level II inventory allows 
the user to collect specific stream data at reference sitt:s, and construct a base of variable 
reference sites to compare with unsurveyed, but similar (as determined from Level n sites. By 
performing a Level I inventory, one can determine if a site is similar to any of the Level II 
reference sites, and then the classification data can be used at these sites. The elevations 
determined in Level II allow you to calculate the variables used for stream type classification. 
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The variables calculated are: 
Entrenchment Ratio = (Floodprone Width I Bankfull Width) 
Width Depth Ratio = (Bankfull Width I Mean Depth at Bankfull) 
Sinuosity = (Stream Length I Valley Length) 
Slope = (Elevation Difference of Water Surface I Length of Water Surf ace Surveyed) 
Channel Material = Pebble counts were not done during the 1997 field sessions. Channel 
material data will be collected in 1998 to more accurately classify surveyed streams. 
Our third, and last step in 1997 data collection and interpretation, was to calculate the 
above variables, display our results graphically (see attached graphs 1-7 of channel cross sections 
and 8-10 of Initial Regional Curves), and prepare this report in order to discuss our results and 
determine how to further evaluate this classification system. In order to achieve this, all of the 
survey data was sorted and plotted into a spreadsheet so as to easily manipulate the numbers. 
From this we could create graphs showing channel dimensions, and quickly calculate the Level lI 
variables so as to assign a stream type for each reach surveyed. Once all the channel dimensions 
were calculated, we then were able to use the Manning's Equation in order to estimate values for 
bankfull discharge, and relate them to a return interval associated with the estimated bankfull 
flow. The premise is to then check if the estimated bankfull discharge falls within the 1 to 2 year 
flood event derived from actual historic flow data. The bankfull discharge, or the 1 to 2 year 
flood frequency, under most circumstan~es, has the largest effect on channel formation. It is this 
common flood event which leaves physical evidence of its stage on the landscape, and plays the 
biggest role in transporting the sediment which is supplied from the upper portions of the 
watershed. 
III. Results 
As shown in the introduction portion of this report, seven stream reaches were classified 
using the Rosgen Stream Classification System. All Level II variables of each site fell within 
acceptable ranges according to the Rosgen classification key for natural rivers (Rosgen, 1996). 
It should be noted, however, that in all seven sites, the slope values were on the low end. This is 
probably due to the much greater variation of gradients found in western United States streams, 
where the majority of the streams used by Rosgen are located. The following table shows the 
hydraulic geometry variables measured as well as the variation in drainage areas of the chosen 
sites, and the determined stream type. 
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Stream D.A. Entrench- WID Sinuosity Slope Stream 
(Sq.mi.) ment ratio Ra tics Type 
- - __ j ~ Gilmore Creek. 8.95 2.22 12.5 1.25 ~ - 0.005 c 
SF Root River 275 1.25 30.0 1.36 0.003 F 
NF Whitewater 101 1.64 20.9 1.21 0.003 / B'\ 
Garvin Brook 29.2 1.85 23.0 1.29 0.008 ( B ;-
SF Whitewater 76.8 1.57 21.0 1.30 0.003 \,B/ 
SF Middle F Zumbro 84 2.79 18.3 1.29 0.001 c 
Cannon River 1320 1.08 41.0 1.24 0.001 F 
Table 2. Selected stream hydraulic geometry variables for seven stream reaches in SE Minnesota 
From the measured and calculated variables of the seven reaches surveyed, we 
determined there to be three different stream types: B, C, and F. Type B streams are associated 
with moderately entrenched channels, as well as moderate width/depth ratios, and moderate 
sinuosity values, as shown in Table 3. These stream types are considered to be relatively stable 
systems which carry small amounts of sediment from their beds and banks (Rosgen, 1996). 
Type C streams are considered slightly entrenched, with moderate to high width/depth 
ratios, and high sinuosity values. These streams have varying sediment supply loads from very 
low, to high in river systems which are eroding their banks, or in systems which has little riparian 
vegetation. Some C streams tend to shift laterally and vertically as the stability of the 
contributing watershed causes changes in flow or sediment amount entering the system (Rosgen, 
1996). 
Finally, type F streams are considered to be highly entrenched, with moderate to high 
width/depth ratios, and moderate sinuosities. These streams have a high sediment load with 
highly erodible banks because they are usually near vertical. The exception to this would be Fl, 
F2, and F6 streams which are dominated by bedrock, boulders, and cohesive sediments of silt 
and clay, respectively (Rosgen, 1996). Table 3 summarizes some important characteristics for all 
three stream types. 
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Stream General Entrenchment wm Sinuosity Slope Landform/ 
Type Description Ratio Ratio Soils/Features 
B Moderately Entrenched, 1.4 >12 >1.2 0.02 Mode rate relief. colluvial 
moderate gradient, riffle To To 
deposition, and/or structural. 
dominated channel, with Moderate entrenchment and 
infrequently spaced 
2.2 0.039 W!D ratios. Narrow, gently 
pools. Very stable plan sloping valleys. Rapids 
and profile. Stable Banlcs. predominate w/scour pools. 
c Low gradient, >2.2 >12 >1.4 <0.02 Broad Valleys w/terraccs. in 
meandering, point-bar, association with floodplain , 
riffle/pool, alluvial alluvial soils. Slightly 
channels with broad, well entrenched with well-defined 
defined floodplain. meandering channels. 
Riffle/pool bed morphology. 
F Entrenched meandering <1.4 >12 >1.4 <0.02 Entrenched in highly 
riffle/pool channel on low weathered material. Gentle 
gradients with high gradients, with a high 
width/depth ratio. width/depth ratio. 
Meandering, erosion rates. 
Riffle/pool morphology. 
Table 3. Rosgen stream types and variables. Adapted from Rosgen 1996. 
Once the above channel dimensions were calculated, all of the data from the seven sites 
were put into a spreadsheet and plotted in the form of a Regional hydraulic geometry curves. As 
seen on Graph 8 and 9, one site (Garvin 'Brook, the site corresponding to a drainage area of 29.2 
Sq.mi .. ), shows dimensions outside the linear fit as compared to all other sites and their 
corresponding channel dimensions and estimated bankfull discharge values. It must be noted 
that the regional curves are at a very preliminary level at this point, and that the Garvin Brook 
dimensions may lie within an acceptable range, or be classified as valid outliers, as more sites are 
added to the curve. At this point, however, analyzing the seven sites we have data for, it is 
unclear as to a specific reason for the variation at the Garvin Brook site, and why it appears as an 
outlier in this data set. 
A regression analysis on these variables was conducted in order to understand the 
correlation and dependency of the channel dimensions on drainage area and bankfull discharge. 
Analyzing the relationship between drainage area and channel dimensions, the bankfull mean 
depth fell outside of the acceptable minimum range of 0.50, again showing the effect of the 
outlier, Garvin Brook. The R Squared values or the Coefficient of Determination calculated for 
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each parameter are found in Table 4. 
Channel Dimension: R Squared Values: 
Cross Sectional Area 0.905 -
Bankfull Width 0.876 
Bankfull Mean Depth 0.378 
Table 4. R Squared values for drainage area vs. channel dimensions 
We then used Manning's equation, 
V = 1.49/n (R"2/3)(s" 1/2) 
Where V = Velocity(ft/sec) R =Hydraulic Radius (ft) 
s = slope of water surf ace n = a roughness coefficient 
to estimate velocities, and further to estimate discharge values at bankfull for each site. The R 
Squared values for the relationship between estimated discharge vs. channel dimension, as well 
as drainage area vs. estimated discharge are found in Table 5: 
Channel Dimensions: R Squared Values: 
Cross Sectional Area 0.962 
Bankfull Width 0.969 
Bankfull Mean Depth . 0.749 
Drainage Area 0.809 
Table 5. R squared values for estimated bankfull discharge vs. channel dimensions and 
drainage area. 
We then correlated the estimated bankfull discharge with its associated recurrence interval for the 
given stream. Each of the five gaged streams fell within the 1 to 2 year frequency while no 
recurrence intervals were calculated for the ungaged sites because of the lack of historic stream 
flow data available. The estimated bankfull discharge values and calculated return intervals can 
be seen in Table 6. 
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Stream Estimated Discharge Return Interval 
@ Bankfull 
Cannon River 2540 cfs 1.2 years 
Gilmore Creek 130 csf 1.25 years 
N.Fork Whitewater 1200 cfs 1.8 years 
S.Fork Whitewater 823 cfs 1.25 years 
Garvin Brook 34 cfs No Gage Data 
S .Fork Root River 815 cfs 1.2 years 
S.Fork Middle Br. Zumbro 810 cfs No Gage Data 
Table 6. Estimated discharge and corresponding return interval. (Using Manning's Equation) 
*Cannon River discharge value derived from :actual stage height at time of surveying. 
All Graphs are attached with calculated variables and R Squared Values. (Graphs 1-10) 
IV. Discussion 
The application of stream channel morphology and its evolution could prove to be very 
useful when working on river restoration projects or site specific streambank stabilization 
projects. Basic channel dimension measurements and observations provide insight into the 
current state of stability of stream reaches. The Rosgen Stream Classification System can aid in 
determination of many parameters such.as those measured for this evaluation (Entrenchment 
Ratio, Width/Depth Ratio, Sinuosity, Slope), which could allow watershed/stream managers to 
restabilize reaches of streams, or if the site evaluated is stable, use it as a control and reference 
site for other degrading reaches. It should be noted that individual channel reaches can not be 
averaged over entire streams or watersheds, as reaches can vary in their classification both 
upstream and downstream of a site. It is desirable to e:s~ablish a base of reference reaches for 
each of the Level I stream classifications identified (Rosgen, 1996). 
Once the Rosgen Stream Classification is used to gather a base of reference reaches with 
varying sized drainage area, regional curves can be developed. Once established, the regional 
curves will be a great resource to aid stream managers to relatively quickly classify a stream 
reach. One of the main objectives of this evaluation is the continued surveying and classification 
in order to construct regional curves from southeastern Minnesota, and determine if the 
relationships between drainage area, bankfull discharge, and channel dimensions are reliable 
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enough to relate to other stream reaches. One specific application for the regional curve would 
be to quickly predict the effect of restoration on a eroding streambank. For example, if a reach 
is determined to be a F-type, one could quickly assume that the highly entrenched channel will 
limit the success of streambank work without significant channel reconfiguration since the 
stream may not have access to the floodplain. A streambank restoration effort would be more 
likely to succeed if the channel had not degraded to an r-type, but rather was currently in a more 
stable state (i.e. better to work on an E-type or C-type). Also, when considering site specific 
stream bank restoration, one must consider the stability of other reaches with the stream, and the 
land use within the watershed. What might be considered a "quick fix" at one site may actually 
result in more erosion or degradation upstream or downstream from the restoration site. 
Continued evaluation of this classification is ongoing, and comparisons to other fisheries based 
classification systems is being researched. The width/depth ratio calculated for the surveyed 
streams is an important variable that may be related to fish habitat and stream temperatures. 
We currently are planning on the continuation of classifying streams using the Rosgen 
method in 1998. With more data over a range of drainage area sizes, we will continue adding to 
our preliminary regional curve to better establish the relationships among the variety of streams 
in southeastern Minnesota. 
We are currently looking at the possibility of using the classification system in order to 
apply some site specific restoration practices. One of the sites is located on the South Fork of the 
Middle Branch of the Zumbro River at the Byron Sportsmens Club, the other is on the Cannon 
River near Welch. Both sites are experiencing large amounts of bank erosion on meandering 
channels. If we are able to apply some bank stabilization practices at these sites, we would then 
evaluate the effectiveness of site specific stream restoration over a long period of time with 
continual monitoring of the site. 
Overall, combining the analysis of stream physical variables with data sets from habitat 
evaluations, invertebrate and fisheries assessments, and water-sediment monitoring, will help all 
resource managers who seek to improve Minnesota's streams and watersheds. 
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• X-Sectional Area (sq ft) • Mean Depth (ft) x Width (ft) 
ROSGEN STREAM CLASSIFICATION SITES 
MNDNR-Region 5 Watershed Boundaries 
Surveyed Summer/Fall, 1997 
1. Cannon River 
2. S. Branch Root River 
3. S. Fork Whitewater 
4. N. Fork Whitewater 
5. S.B., Middle Fork Zumbro 
6. Gilrrore Creek 
7. Garvin Brook 
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